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(57) ABSTRACT

In embodiments, apparatuses, methods, and storage media
may be described for identifying subframes in a radio frame
on which a UE may receive a Physical Downlink Control
Channel (PDCCH) or enhanced PDCCH (ePDCCH) trans-
mission. Specifically, the UE may receive multiple indica-
tions of uplink/downlink (UL/DL) subframe configurations
and identity one or more subframes in which the UE may
receive the PDCCH or ePDCCH transmission. The UE may
then monitor one or more of the identified subframes and base
discontinuous reception (DRX) timer functionality on one or
more of the identified subframes.
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Receive indications of multiple UL/DL configurations applicable to
subframes of a radio frame
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Identify DL subframes and DwPTS subframes according to one UL/DL
configuration
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Start DRX timer
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Monitor PDCCH/ePDCCH for transmission only in identified DL subframes
and DwPTS subframes while DRX timer is running
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Increment DRX timer only in identified DL subframes and DwPTS
subframes
320

Figure 3
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1
DRX OPERATION FOR UL/DL
RECONFIGURATION

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to U.S. Provisional
Patent Application No. 61/879,014, filed Sep. 17, 2013,
entitled “Advanced Wireless Communication Systems and
Techniques,” the entire disclosure of which is hereby incor-
porated by reference in its entirety.

FIELD

Embodiments of the present invention relate generally to
the technical field of discontinuous reception (DRX) func-
tionality in radio frames.

BACKGROUND

The background description provided herein is for the pur-
pose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure. Unless otherwise indi-
cated herein, the approaches described in this section are not
prior art to the claims in the present disclosure and are not
admitted to be prior art by inclusion in this section.

DRX functionality may be used to save battery power in a
user equipment (UE) of a wireless network by skipping recep-
tion of signals in the physical downlink control channel (PD-
CCH) or enhanced PDCCH (ePDCCH). Specifically, the UE
may monitor one or more radio subframes of the radio frame
in a wireless network for a PDCCH/ePDCCH signal. How-
ever, in uplink (UL) subframes of the radio frame, the UE may
not monitor for a PDCCH/ePDCCH signal. Additionally,
DRX functionality may involve one or more timers, and if
those timers have expired or are not running, the UE may not
monitor for a PDCCH/ePDCCH signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be readily understood by the following
detailed description in conjunction with the accompanying
drawings. To facilitate this description, like reference numer-
als designate like structural elements. Embodiments are illus-
trated by way of example and not by way of limitation in the
figures of the accompanying drawings.

FIG. 1 schematically illustrates an example of a network
comprising a UE and an eNodeB (eNB), in accordance with
various embodiments.

FIG. 2 illustrates an example of options for monitoring
different uplink/downlink (UL/DL) subframe configurations,
in accordance with various embodiments.

FIG. 3 depicts an example process for monitoring PDCCH
transmissions in various UL/DL subframe configurations, in
accordance with various embodiments.

FIG. 4 schematically illustrates an example system that
may be used to practice various embodiments described
herein.

DETAILED DESCRIPTION

In embodiments, apparatuses, methods, and storage media
may be described for identifying subframes in a radio frame
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2

on which a UE may receive a PDCCH/ePDCCH transmission
(herein collectively referred to as a PDCCH transmission).
Specifically, the UE may receive multiple indications of
UL/DL subframe configurations and identify one or more
subframes in which the UE may receive the PDCCH trans-
mission. The UE may then monitor one or more of the iden-
tified subframes and base DRX timer functionality on one or
more of the identified subframes.

In some embodiments, the UE may receive conflicting
UL/DL subframe configurations, for example, in a system
information block type 1 (SIB1) message, a PDCCH trans-
mission, or radio resource control (RRC) signaling. For
example, a UL subframe in one of the UL/DL configurations
may be a DL or special subframe (i.e., a subframe that may
include a Downlink Pilot Time Slot (DWPTS)). The UE may
identify, based on the conflicting UL/DL subframe configu-
rations, which subframes to use for the PDCCH monitoring
and the DRX functionality.

In the following detailed description, reference is made to
the accompanying drawings that form a part hereof wherein
like numerals designate like parts throughout, and in which is
shown by way of illustration embodiments that may be prac-
ticed. It is to be understood that other embodiments may be
utilized and structural or logical changes may be made with-
out departing from the scope of the present disclosure. There-
fore, the following detailed description is not to be taken in a
limiting sense.

Various operations may be described as multiple discrete
actions or operations in turn, in a manner that is most helpful
in understanding the claimed subject matter. However, the
order of description should not be construed as to imply that
these operations are necessarily order dependent. In particu-
lar, these operations may not be performed in the order of
presentation. Operations described may be performed in a
different order than the described embodiment. Various addi-
tional operations may be performed and/or described opera-
tions may be omitted in additional embodiments.

For the purposes of the present disclosure, the phrase “A
and/or B” means (A), (B), or (A and B). For the purposes of
the present disclosure, the phrase “A, B, and/or C” means (A),
(B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The description may use the phrases “in an embodiment,”
or “in embodiments,” which may each refer to one or more of
the same or different embodiments. Furthermore, the terms
“comprising,” “including,” “having,” and the like, as used
with respect to embodiments of the present disclosure, are
Synonymous.

FIG. 1 schematically illustrates an example wireless net-
work 100 (hereinafter “network 100”) in accordance with
various embodiments. The network 100 may include a UE
such as UE 110 coupled with an eNB 105. In some embodi-
ments, the network 100 may be an access network of a third
generation partnership project (3GPP) long term evolution
(LTE) network such as evolved universal terrestrial radio
access network (E-UTRAN). In these embodiments the eNB
105 may be a 3GPP-defined eNodeB (also referred to as an
evolved NodeB) configured to wirelessly communicate with
the UE 110 using a wireless protocol such as the 3GPP LTE
wireless protocol.

As shown in FIG. 1, the UE 110 may include a transceiver
module 122, which may also be referred to as a multi-mode
transceiver chip. The transceiver module 122 may be config-
ured to transmit and receive wireless signals. Specifically, the
transceiver module 122 may be coupled with one or more of
aplurality of antennas 125 of the UE 110 for communicating
wirelessly with other components of the network 100, e.g.,
eNB 105 or another UE. The antennas 125 may be powered
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by a power amplifier 130 which may be a component of the
transceiver module 122, or coupled with the transceiver mod-
ule 122 and generally between the transceiver module 122
and the antennas 125 as shown in FIG. 1. In one embodiment,
the power amplifier 130 may provide the power for all trans-
missions on the antennas 125. In other embodiments, there
may be multiple power amplifiers on the UE 110. The use of
multiple antennas 125 may allow for the UE 110 to use
transmit diversity techniques such as spatial orthogonal
resource transmit diversity (SORTD), multiple-input mul-
tiple-output (MIMO), or full-dimension MIMO (FD-
MIMO).

In certain embodiments the transceiver module 122 may
include a communication module 120, which may be referred
to as a broadband module. Communication module 120 may
contain both transmitter circuitry 145 configured to cause the
antennas 125 to transmit one or more signals from the UE
110, and receiver circuitry 150 configured to cause the anten-
nas 125 to receive one or more signals at the UE 110. In other
embodiments, the communication module 120 may be imple-
mented in separate chips or modules, for example, one chip
including the receiver circuitry 150 and another chip includ-
ing the transmitter circuitry 145. In some embodiments the
signals may be cellular signals transmitted to or received from
a3GPP eNB such as eNB 105. In some embodiments, the UE
110 may include a processor 175 coupled to the transceiver
module 122. The processor 175 may further be coupled with
or include a DRX module 180 that may be configured to
perform one or more of the DRX functions described in
further detail below.

Similarly to the UE 110, the eNB 105 may include a trans-
ceiver module 135. The transceiver module 135 may be fur-
ther coupled with one or more of a plurality of antennas 140
of eNB 105 for communicating wirelessly with other com-
ponents of the network 100, e.g., UE 110. The antennas 140
may be powered by a power amplifier 160 which may be a
component of the transceiver module 135, or may be a sepa-
rate component of the eNB 105, and generally positioned
between the transceiver module 135 and the antennas 140 as
shown in FIG. 1. In one embodiment, the power amplifier 160
may provide the power for all transmissions on the antennas
140. In other embodiments, there may be multiple power
amplifiers on the eNB 105. The use of multiple antennas 140
may allow for the eNB 105 to use transmit diversity tech-
niques such as SORTD, MIMO, or FD-MIMO. In certain
embodiments the transceiver module 135 may contain both
transmitter circuitry 165 configured to cause the antennas 140
to transmit one or more signals from the eNB 105, and
receiver circuitry 170 configured to cause the antennas 140 to
receive one or more signals at the eNB 105. In other embodi-
ments, the transceiver module 135 may be replaced by trans-
mitter circuitry 165 and receiver circuitry 170 which are
separate from one another (not shown). In some embodi-
ments, though not shown, the transceiver module 135 may
include a communication module such as communication
module 120 that includes the receiver circuitry 170 and the
transmitter circuitry 165.

As described above, DRX functionality may be used in a
network such as network 100 to preserve the battery life of a
UE such as UE 110. Specifically, the DRX functionality may
preserve the battery by allowing the UE to enter a low power
or sleep state where the UE does not monitor for a DL signal
on the PDCCH. Dependent on how predictable the traffic
arrival rate may be in the network 100, and based on quality of
service (QoS) requirements associated with the radio bearer
of the network 100, an eNB such as eNB 105 may configure
a single DRX interval for the UE to use in LTE systems such
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as network 100. It will be noted that the below discussion that
refers to the PDCCH or PDCCH signals may additionally
apply to ePDCCH or ePDCCH signals. However, for ease of
reference, only the PDCCH will be referred to below.

In some embodiments, the network 100 may be configured
as a time division duplexing (TDD) network. Specifically, in
some embodiments a radio frame may be 10 milliseconds
(ms) long. The radio frame may include 10 subframes of the
radio frame, each subframe being 1 ms long. A subframe of
the radio frame may be designated as a UL, a DL, or a special
subframe. A UL subframe may be a subframe designated for
a transmission from the UE such as UE 110 to an eNB such as
eNB 105. A DL subframe may be a subframe designated for
a transmission from the eNB 105 to the UE 110. A special
subframe may be a subframe that may carry or include a
DwPTS transmitted from the eNB 105 to the UE 110.

Whether a subframe of a radio frame is designated as a UL
subframe, a DL subframe, or a special subframe may be
indicated by a UL/DL configuration of the radio frame. Table
1, below, depicts various UL/DL configurations that may be
used in some embodiments. The UL/DL configurations
depicted in Table 1 may specifically apply to 3GPP radio
frames with Frame Structure 2. In other embodiments, other
UL/DL configurations may be used. In Table 1, “D” may
indicate a DL subframe. “U” may indicate a UL subframe.
“S” may indicate a special subframe

TABLE 1

UL/DL Subframe Number
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For TDD carriers in such TDD networks, DRX operation
may be based on subframes where a PDCCH signal may be
received by the UE. Specifically, the UE may receive a
PDCCH signal either in a DL subframe, or a special subframe
(i.e., a subframe that may include a DwWPTS), herein collec-
tively referred to for ease of reference as “PDCCH sub-
frames.” Specifically, the UE may monitor for the PDCCH
only in the PDCCH subframes, and not monitor for the
PDCCH signal in a UL subframe. Further, the UE may moni-
tor for the PDCCH in the PDCCH subframes only when an
active DRX related timer is running, or an uplink grant is
pending.

As described below, a running DRX related timer may only
increment during the PDCCH subframes in which it is run-
ning, and not increment during a UL subframe. For example,
a DRX related timer with a value of x in PDCCH subframe y
may increment to value x+1 in PDCCH subframe y+1. The
values of x and y may be irrespective of whether there are one
or more UL subframes between PDCCH subframe y and
PDCCH subframe y+1. Once the DRX timer reaches a set
value, the timer may expire as described below.

In embodiments, there may be three DRX timers used in
the TDD network 100. These timers may include a DRX
duration timer (referred to herein as onDurationTimer), a
DRX inactivity timer (referred to herein as DRX-Inactivity-
Timer), or a DRX retransmission timer (referred to herein as
DRX-RetransmissionTimer). The onDurationTimer may
indicate the number of PDCCH subframes in the radio frame
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that the UE 110 should monitor for a PDCCH signal. For
example, if the subframes in the radio frame are numbered
0-9, an onDurationTimer value of 2 may indicate that the UE
110 should monitor subframes 0 and 1 for a PDCCH signal
(assuming that subframes 0 and 1 are PDCCH subframes).

The DRX-InactivityTimer may indicate the number of
PDCCH subframes that the UE 110 should monitor for a
PDCCH signal after a first PDCCH signal is received in the
radio frame.

As a concrete example, assume that the radio frame is
configured with UL/DL configuration 0, the value of onDu-
rationTimer is 2, and the value of DRX-InactivityTimer is 2.
As can be seen in Table 1, subframes 0, 1, 5, and 6 may be
PDCCH subframes. Subframes 2-4 and 7-9 may not be
PDCCH subframes.

Based on onDurationTimer, the UE 110 may monitor sub-
frames 0 and 1 (which are DL and special subframes, respec-
tively, and therefore both PDCCH subframes) for a PDCCH
signal. If the UE 110 does not receive a PDCCH signal in
subframes O or 1, then the UE 110 may not monitor subframes
2-9 for a PDCCH signal, for example, by entering the low-
power or sleep mode.

However, if the UE 110 receives a PDCCH signal in sub-
frame 0O, then the UE may stay awake beyond the value indi-
cated by onDurationTimer and monitor PDCCH subframes
based on the DRX-InactivityTimer value. For example, based
on the value of the DRX-Inactivity Timer, which is 2, the UE
110 may monitor two additional PDCCH subframes past
subframe O for a PDCCH signal. In this example, then the UE
110 may monitor PDCCH subframes 0, 1, and 5 fora PDCCH
signal. As noted above, subframes 2-4 may not be PDCCH
subframes, and so the UE may not monitor for a PDCCH
signal in subframes 2-4, for example, by entering a DRX
low-power or sleep mode. Additionally, upon expiration of
the DRX-InactivityTimer, the UE may enter the DRX low-
power or sleep mode for subframes 6-9. Similarly, if the UE
110 receives a PDCCH signal in subframe 1, then the UE 110
may, based on the DRX-InactivityTimer, monitor PDCCH
subframes 5 and 6 for a PDCCH signal, and enter the DRX
low-power or sleep mode for PDCCH subframes 2-4 and 7-9.

The DRX-Retransmission Timer may relate to the UE 110
monitoring for one or more scheduled DL Hybrid Automatic
Repeat request (HARD) retransmissions. Specifically, with
the DRX-Retransmission Timer, the UE 110 may be config-
ured to monitor PDCCH subframes for a PDCCH signal from
the first possible instance of a HARQ retransmission as long
as the UE 110 or eNB 105 have schedulable pending retrans-
missions.

In some embodiments it has been observed that this semi-
static allocation of UL and DL subframes and the UL/DL
configurations described above in Table 1 may not be appro-
priate for the current traffic situation of the network 100, and
therefore may result in unoptimized spectrum utilization.
Therefore, in some embodiments a radio frame may include
“flexible” subframes (also referred to as FlexSF). A flexible
subframe may be a subframe that is capable of UL or DL
traffic. In some embodiments, the direction of the flexible
subframe may be dynamically configured by an eNB such as
eNB 105. With these flexible subframes, the eNB 105 may be
able to dynamically configure flexible subframes to match the
current traffic situation of the network 100. The subframes
may be appropriate, for example, in LTE networks such as a
release 12 (Rel-12) LTE network configured to use enhanced
interference mitigation and traffic adaptation (eIMTA). In
some embodiments, a flexible subframe may be one or more
of subframes 3, 4, or 6-9 of the radio frame. Specifically, in
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some embodiments subframes 3, 4, and 7-9 may be either UL
or DL subframes. Subframe 6 may be a special subframe ora
DL subframe.

However, because certain subframes of the radio frame
may be either UL or DL subframes, it may be difficult to
identify which subframes of the radio frame are PDCCH
subframes. It may be particularly difficult to identify which
subframes of the radio frame are PDCCH subframes if mul-
tiple UL/DL configurations are indicated by the eNB 105 to
the UE 110. Therefore it may be difficult to identify when a
DRX timer should be incremented, or when the UE 110
should be monitoring for a PDCCH signal. It may also be
inefficient for the UE 110 to monitor all PDCCH and flexible
subframes for a PDCCH signal, because doing so may sig-
nificantly decrease the battery life of the UE 110.

Insome embodiments, three UL/DL configurations may be
independently signaled by an eNB such as eNB 105 to a UE
such as UE 110. First, the eNB 105 may signal a UL/DL
configuration to the UE 110 in a SIB1 message, herein
referred to as the SIB1 UL/DL configuration. The SIB1
UL/DL configuration may be applicable to a plurality ofradio
frames.

Secondly, the eNB 105 may signal a UL/DL configuration
to a UE 110 in a PDCCH or ePDCCH message in a first
subframe or higher-layer configured subframe of a radio
frame. For ease of reference, the UL/DL configuration sig-
naled in the PDCCH subframe will be referred to herein as an
“actual” UL/DL configuration. In some embodiments, the
actual UL/DL configuration may only be applicable to the
radio frame that the PDCCH subframe is a part of. For
example, the actual UL/DL configuration may be signaled in
subframe 0 of the radio frame, and apply to that radio frame.
In other embodiments, the UL/DL configuration signal then
the PDCCH subframe may be applicable to a subsequent
radio frame.

Thirdly, the eNB 105 may signal a UL/DL configuration to
the UE 110 via radio resource control (RRC) signaling. This
UL/DL configuration will be referred to as a “DL-reference”
UL/DL configuration. Similarly to the SIB1 UL/DL configu-
ration, the DL-reference UL/DL configuration may be appli-
cable to a plurality of radio frames. The DL-reference UL/DL
configuration may be generally applicable to a determination
of DL HARQ timing associated with Physical Downlink
Shared Channel (PDSCH) reception. In some embodiments,
the DL-reference UL/DL configuration may be associated
with a HARQ round-trip time (RTT) that may be set to k+4
subframes, where k is the interval between the DL transmis-
sion and that UL transmission of associated HARQ feedback
according to the DL-reference UL/DL configuration.

FIG. 2 depicts four different Options for identifying a
UL/DL configuration that the UE 110 should use to monitor
for a PDCCH signal and increment a DRX timer for a radio
frame configured according to Frame Structure 2 and includ-
ing flexible subframes. As shown in FIG. 2, subframes 0 and
5 may be DL subframes, subframe 1 may be a special sub-
frame, and subframe 2 may be an uplink subframe according
to Frame Structure 2. Additionally, subframes 3, 4, and 7-9
may be flexible subframes according to Frame Structure 2,
wherein the subframes may be either UL or DL subframes.
Finally, subframe 6 may be either a special or DL subframe
according to Frame Structure 2. For ease of reference, assume
that the configurations indicated in FIG. 2, for example, with
respect to Option 2, Option 3, and Option 4, refer to the
UL/DL configurations indicated above in Table 1.

As a first, and simplest, Option (indicated in FIG. 2 as
Option 1), the UE 110 may base PDCCH monitoring and
DRX timer functionality only on the PDCCH subframes that
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are PDCCH subframes in each possible UL/DL configuration
that may be indicated by the SIB1 message. As shown in FI1G.
2 according to the subframes marked with an “X” for Option
1, PDCCH subframes may be subframes 0, 1, 5, and 6. The
reason that subframes 0, 1, 5, and 6 may be PDCCH sub-
frames for each possible UL/DL configuration may be seen in
Table 1, where for each of the seven UL/DL configurations
shown, subframes 0, 1, 5, and 6 may be either DL or special
subframes.

As a second Option (indicated in FIG. 2 as Option 2), the
UE 110 may base PDCCH monitoring and DRX timer func-
tionality only on the PDCCH subframes that are identified as
PDCCH subframes in the SIB1 UL/DL configuration. For
example, in this option, if the SIB1 UL/DL configuration is
UL/DL configuration 1 of Table 1, then the PDCCH sub-
frames may be subframes 0, 1, and 4-6. Both Options 1 and 2
may provide the benefit of allowing the DRX state at UE 110
to be predictable, and help ensure no mismatch between the
UE 110 and eNB 105 due to counting static DL subframes
only for DRX operation. Therefore, undesirable data loss
may be avoided.

As a third Option (indicated in FIG. 2 as Option 3), the UE
110 may base PDCCH monitoring and DRX timer function-
ality only on the PDCCH subframes that are identified as
PDCCH subframes in the DL-reference UL/DL configura-
tion. For example, in this Option, if the DL-reference UL/DL
configuration is UL/DL configuration 2 of Table 1, then the
PDCCH subframes may be subframes 0, 1, 3-6, 8, and 9.

In some embodiments, it may be seen that Options 1, 2, or
3 may lead to that PDCCH monitoring decoupling from the
“PDCCH subframe” definition used for legacy DRX timers.
Specifically, flexible subframes may be monitored for a
PDCCH signal according to acommon UL/DL configuration
for a plurality of UEs, but they may not be counted for the
purposes of the DRX timer at UE 110.

As afourth Option (indicated in FIG. 2 as Option 4), the UE
110 may base PDCCH monitoring and DRX timer function-
ality only on the PDCCH subframes that are identified as
PDCCH subframes in the actual UL/DL configuration. For
example, in this Option, if the actual UL/DL configuration is
UL/DL configuration 3 of Table 1, then the PDCCH sub-
frames may be subframes 0, 1, and 5-9. This Option may have
the benefit of keeping the number of scheduling opportunities
for the UE 110 constant over time regardless of the changing
of transmission direction in the flexible subframes, thereby
optimizing UE battery consumption.

In some embodiments, for networks utilizing the Option 4,
the UE 110 may miss a common downlink control informa-
tion (DCI) transmission for a group of UE, which may result
in misalignment between the active UE 110 and eNB 105
with regard to UL/DL subframes of the actual UL/DL con-
figuration being used. As a consequence, UE 110 and eNB
105 may fall out of sync on the DRX state and/or DRX timer,
or follow different DRX patterns. In some embodiments, the
UE 110 may default to Option 1 as a fallback position.

In some embodiments, different UL/DL configurations
may be used for different DRX timers. For example, the
onDurationTimer and DRX-Inactivity Timer may be based on
a different UL/DL configuration than the DRX-Retransmis-
sionTimer because the DRX-RetransmissionTimer may be
more directly related to HARQ operation of the network 100,
while the other two timers are not. For example, the onDura-
tionTimer and DRX-Inactivity Timer may be optimized using
Options 1, 2, or 4. By contrast, because the DRX-Retrans-
missionTimer is more closely related to HARQ retransmis-
sions, the DL-reference UL/DL configuration described with
respect to Option 3 may be more appropriate for that timer.
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As can be seen in FIG. 2, one UL/DL configuration may
indicate a PDCCH subframe in a flexible subframe, while
another of the UL/DL configurations indicates a UL sub-
frame. For example, UL/DL configuration 1, depicted with
respect to Option 2, may indicate that flexible subframe 3 is a
UL subframe, while UL/DL configuration 2, depicted with
respectto Option 3, may be a PDCCH subframe. However, by
selecting one of Options 1 through 4, the network 100 may be
able to more effectively utilize DRX functionality and
PDCCH monitoring in situations where one of the UL/DL
configurations received by the UE 110 conflicts with another
of'the UL/DL configurations received by the UE 110.

FIG. 3 depicts an example process that may be performed
by a UE such as UE 110. Initially, the UE 110 may receive
indications of multiple UL/DL configurations applicable to
subframes of a radio frame at 300. For example, the UE 110
may receive indications of one or more of the SIB1 UL/DL
configuration, the actual UL/DL configuration, or the DL-
reference UL/DL configuration.

Next, the UE 110 may identify DL subframes and sub-
frames that may include a DwPTS according to one of the
received UL/DL configurations at 305, and start a DRX timer
at 310. The DRX timer may be, for example, one of the DRX
timers described above. The DL subframes or DwPTS sub-
frames may be a PDCCH subframe as described above.

Next, the UE 110 may monitor the PDCCH or ePDCCH for
a transmission in the identified DL subframes and subframes
that may include a DwPTS (i.e., the PDCCH subframes)
while the DRX timer is running at 315. Additionally, the UE
110 may increment the DRX timer only in the identified DL
subframes and subframes that may include the DwPTS at
320, as described above. That is, a DRX related timer with a
value of x in PDCCH subframe y may increment to value x+1
in PDCCH subframe y+1, regardless of whether there is a
non-PDCCH (i.e., a UL) subframe between PDCCH sub-
frame y and PDCCH subframe y+1. Once the DRX timer
reaches a set value, the timer may expire as described above.

Embodiments of the present disclosure may be imple-
mented into a system using any suitable hardware and/or
software to configure as desired. FIG. 4 schematically illus-
trates an example system 400 that may be used to practice
various embodiments described herein. FIG. 4 illustrates, for
one embodiment, an example system 400 having one or more
processor(s) 405, system control module 410 coupled to at
least one of the processor(s) 405, system memory 415
coupled to system control module 410, non-volatile memory
(NVM)/storage 420 coupled to system control module 410,
and one or more communications interface(s) 425 coupled to
system control module 410.

In some embodiments, the system 400 may be capable of
functioning as the UE 110 as described herein. In other
embodiments, the system 400 may be capable of functioning
as eNB 105, as described herein. In some embodiments, the
system 400 may include one or more computer-readable
media (e.g., system memory or NVM/storage 420) having
instructions and one or more processors (e.g., processor(s)
405) coupled with the one or more computer-readable media
and configured to execute the instructions to implement a
module to perform actions described herein.

System control module 410 for one embodiment may
include any suitable interface controllers to provide for any
suitable interface to at least one of the processor(s) 405 and/or
to any suitable device or component in communication with
system control module 410.

System control module 410 may include memory control-
ler module 430 to provide an interface to system memory 415.
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The memory controller module 430 may be a hardware mod-
ule, a software module, and/or a firmware module.

System memory 415 may be used to load and store data
and/or instructions, for example, for system 400. System
memory 415 for one embodiment may include any suitable
volatile memory, such as suitable dynamic random-access
memory (DRAM), for example. In some embodiments, the
system memory 415 may include double data rate type four
synchronous DRAM (DDR4 SDRAM).

System control module 410 for one embodiment may
include one or more input/output (I/0) controller(s) to pro-
vide an interface to NVM/storage 420 and communications
interface(s) 425.

The NVM/storage 420 may be used to store data and/or
instructions, for example. NVM/storage 420 may include any
suitable non-volatile memory, such as flash memory, for
example, and/or may include any suitable non-volatile stor-
age device(s), such as one or more hard disk drive(s)
(HDD(s)), one or more compact disc (CD) drive(s), and/or
one or more digital versatile disc (DVD) drive(s), for
example.

The NVM/storage 420 may include a storage resource
physically part of a device on which the system 400 may be
installed or it may be accessible by, but not necessarily a part
of, the device. For example, the NVM/storage 420 may be
accessed over a network via the communications interface(s)
425.

Communications interface(s) 425 may provide an interface
for system 400 to communicate over one or more network(s)
and/or with any other suitable device. The system 400 may
wirelessly communicate with the one or more components of
the wireless network in accordance with any of one or more
wireless network standards and/or protocols. In some
embodiments the communications interface(s) 425 may
include the transceiver modules 122 or 135.

For one embodiment, at least one of the processor(s) 405
may be packaged together with logic for one or more control-
ler(s) of system control module 410, e.g., memory controller
module 430. For one embodiment, at least one of the proces-
sor(s) 405 may be packaged together with logic for one or
more controllers of system control module 410 to form a
System in Package (SiP). For one embodiment, at least one of
the processor(s) 405 may be integrated on the same die with
logic for one or more controller(s) of system control module
410. For one embodiment, at least one of the processor(s) 405
may be integrated on the same die with logic for one or more
controller(s) of system control module 410 to form a System
on Chip (SoC).

In some embodiments the processor(s) 405 may include or
otherwise be coupled with one or more of a graphics proces-
sor (GPU) (not shown), a digital signal processor (DSP) (not
shown), wireless modem (not shown), digital camera or mul-
timedia circuitry (not shown), sensor circuitry (not shown),
display circuitry (not shown), and/or global positioning sat-
ellite (GPS) circuitry (not shown).

In various embodiments, the system 400 may be, but is not
limited to, a server, a workstation, a desktop computing
device, or a mobile computing device (e.g., a laptop comput-
ing device, a handheld computing device, a tablet, a netbook,
a smart phone, a gaming console, etc.). In various embodi-
ments, the system 400 may have more or less components,
and/or different architectures. For example, in some embodi-
ments, the system 400 includes one or more of a camera, a
keyboard, a liquid crystal display (LCD) screen (including
touch screen displays), a non-volatile memory port, multiple
antennas, a graphics chip, an application-specific integrated
circuit (ASIC), and speakers.
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EXAMPLES

A first example may include a user equipment (UE) com-
prising: a processor to identify, based only on downlink (DL)
subframes and subframes that include a downlink pilot time
slot (DwWPTS) in a first uplink/downlink (UL/DL) configura-
tion in a plurality of received UL/DL configurations, DL
subframes and subframes that include a DwPTS in a radio
frame, wherein at least one of the DL subframes and sub-
frames that include a DwPTS in the first UL/DL configuration
is identified as a UL subframe in the radio frame based on a
second UL/DL configuration in the plurality of received
UL/DL configurations; and a discontinuous reception (DRX)
module to: increment a running DRX timer based on one of
the at least one of the DL subframes and subframes that
include a DwPTS; and monitor the one of the at least one of
the DL subframes and subframes that include a DwPTS fora
Physical Downlink Control Channel (PDCCH) transmission
or an enhanced PDCCH (ePDCCH) transmission.

Example 2 may include the UE of claim 1, wherein the UE
is an enhanced interference mitigation and traffic adaptation
(eIMTA)-enabled UE.

Example 3 may include the UE of claim 1, wherein the
DRX timer is a DRX duration timer, a DRX inactivity timer,
or a DRX retransmission timer.

Example 4 may include the UE of claim 1, wherein the first
or second UL/DL configurations are a UL/DL configuration
received by the UE in a system information block type 1
(SIB1) message from an eNodeB (eNB), a UL/DL configu-
ration received by the UE via radio resource control (RRC)
signaling, or a UL/DL configuration received by the UE in a
PDCCH or an ePDCCH message in a first subframe or higher-
layer configured subframes of one radio frame.

Example 5 may include the UE of claim 4, wherein the first
UL/DL configuration is the UL/DL configuration received by
the UE in the SIB1 message, and wherein the DL subframes
and subframes that include a DwPTS in the radio frame are
DL subframes or subframes that include a DwPTS in a plu-
rality of possible UL/DL configurations indicated in the SIB1
message.

Example 6 may include the UE of claim 4, wherein the first
UL/DL configuration is the UL/DL configuration indicated in
the SIB1 message.

Example 7 may include the UE of claim 4, wherein the first
UL/DL configuration is the second UL/DL configuration that
is configured by RRC signaling.

Example 8 may include the UE of claim 4, wherein the first
UL/DL configuration is the UL/DL configuration that is
received by the UE inthe PDCCH or the ePDCCH message in
a first subframe or higher-layer configured subframes of one
radio frame.

Example 9 may include the UE of any of claims 1-8, further
comprising display circuitry coupled with the processor.

Example 10 may include one or more non-transitory com-
puter-readable media comprising instructions configured to,
upon execution of the instructions by one or more processors
of'auser equipment (UE), cause the UE to: identify a plurality
of uplink/downlink (UL/DL) configurations applicable to
subframes in a plurality of radio frames; identify an indicated
UL/DL configuration received in a Physical Downlink Con-
trol Channel (PDCCH) or an enhanced PDCCH (ePDCCH)
message in a first subframe or higher-layer configured sub-
frames of a radio frame in the plurality of radio frames, the
indicated UL/DL configuration applicable to a plurality of
subframes in the radio frame; identify DL subframes and
subframes that include a downlink pilot time slot (DwPTS) in
the radio frame based only on a first one of the UL/DL
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configurations in the plurality of UL/DL configurations and
the indicated UL/DL configuration, wherein at least one of
the DL subframes or subframes that include a DwPTS are a
UL subframe in a second one of the UL/DL configurations
and the indicated UL/DL configuration; increment a running
discontinuous reception (DRX) timer based only on the iden-
tified DL subframes and subframes that include a DwPTS;
and monitor the identified DL subframes and subframes that
include a DwPTS for a PDCCH message while the DRX
timer is running.

Example 11 may include the one or more non-transitory
computer-readable media of claim 10, wherein a UL/DL con-
figuration in the plurality of UL/DL configurations is received
in a system information block type 1 (SIB1) message from an
eNodeB (eNB).

Example 12 may include the one or more non-transitory
computer-readable media of claim 11, wherein the instruc-
tions are further to identity the DL subframes and subframes
that include a DwPTS that are DL subframes or subframes
that include a DWPTS in a plurality of possible UL/DL con-
figurations indicated in the SIB1 message.

Example 13 may include the one or more non-transitory
computer-readable media of claim 11, wherein the first one of
the UL/DL configurations is the UL/DL configuration
received in the SIB1 message.

Example 14 may include the one or more non-transitory
computer-readable media of claim 11, wherein the first one of
the UL/DL configurations is a UL/DL configuration indicated
by radio resource control (RRC) signaling.

Example 15 may include the one or more non-transitory
computer-readable media of claim 11, wherein the first one of
the UL/DL configurations is the UL/DL configuration indi-
cated in the PDCCH or the EPDCCH message in the first
subframe or higher-layer configured subframes of the radio
frame in the plurality of radio frames.

Example 16 may include the one or more non-transitory
computer-readable media of any of claims 10-15, wherein the
DRX timer is a DRX duration timer, a DRX inactivity timer,
or a DRX retransmission timer.

Example 17 may include the one or more non-transitory
computer-readable media of any of claims 10-15, wherein the
UE is an enhanced interference mitigation and traffic adapta-
tion (eIMTA)-enabled UE.

Example 18 may include a method comprising: receiving,
at a UE, respective indications of a plurality of uplink/down-
link (UL/DL) configurations applicable to subframes of a
radio frame; identifying, by the UE based only on a first
UL/DL configuration in the plurality of UL/DL configura-
tions, DL subframes and subframes that include a downlink
pilot time slot (DWPTS) in the subframes of the radio frame,
wherein the identified DL subframes and subframes that
include a DwPTS are UL subframes in a second UL/DL
configuration in the plurality of UL/DL configurations; start-
ing, by the UE, a timer related to a discontinuous reception
(DRX) operation of the UE; monitoring, by the UE while the
timer related to the DRX operation of the UE is running, a
Physical Downlink Control Channel (PDCCH) or an
enhanced PDCCH (ePDCCH) for a message only during the
identified DL subframes and subframes that include a
DwPTS; and incrementing, by the UE, the DRX timers based
only on the identified DL subframes and subframes that
include a DwWPTS in the radio frame.

Example 19 may include the method of claim 18, wherein
an indication in the respective indications is received by the
UE in a system information block type 1 (SIB1) message
from an eNodeB (eNB).

10

15

20

25

30

35

40

45

50

55

60

65

12

Example 20 may include the method of claim 19, further
comprising identifying, by the UE, the first UL/DL configu-
ration based only on the indication received in the SIB1
message.

Example 21 may include the method of claim 19, wherein
the indication is a first indication, and wherein: a second
indication of the respective indications is received by the UE
via radio resource control (RRC) signaling; and a third indi-
cation of the respective indications is received by the UE in a
PDCCH or an ePDCCH message in a first subframe or higher-
layer configured subframes of the radio frame.

Example 22 may include the method of claim 21, further
comprising identifying, by the UE, the DL subframes and
subframes that include a DwPTS in the subframes of the radio
frame based only on one of the second indication or the third
indication.

Example 23 may include the method of any of claims
18-22, wherein the timer is a DRX duration timer, a DRX
inactivity timer, or a DRX retransmission timer.

Example 24 may include the method of any of claims
18-22, wherein the UE is an enhanced interference mitigation
and traffic adaptation (eIMTA)-enabled UE.

Example 25 may include an apparatus comprising means
to perform the method of any of claims 18-24.

Although certain embodiments have been illustrated and
described herein for purposes of description, this application
is intended to cover any adaptations or variations of the
embodiments discussed herein. Therefore, it is manifestly
intended that embodiments described herein be limited only
by the claims.

Where the disclosure recites “a” or “‘a first” element or the
equivalent thereof, such disclosure includes one or more such
elements, neither requiring nor excluding two or more such
elements. Further, ordinal indicators (e.g., first, second or
third) for identified elements are used to distinguish between
the elements, and do not indicate or imply a required or
limited number of such elements, nor do they indicate a
particular position or order of such elements unless otherwise
specifically stated.

What is claimed is:
1. A user equipment (UE) comprising:
receiver circuitry to receive downlink (DL) subframes and
subframes that include a downlink pilot time slot
(DwPTS) in a radio frame;
a processor coupled with the receiver circuitry, the proces-
sor to:
identify, based only on DL subframes and subframes
that include a DwPTS in a first uplink/downlink (UL/
DL) configuration in a plurality of received UL/DL
configurations, the DL subframes and subframes that
include the DwPTS in the radio frame, wherein at
least one subframe of the DL subframes or the sub-
frames that include the DwPTS in the first UL/DL
configuration is identified as a UL subframe in the
radio frame based on a second UL/DL configuration
in the plurality of received UL/DL configurations;
base a DRX timer on the DL subframes and subframes
that include the DwPTS in the radio frame; and
monitor one of the at least one of the DL subframes and
subframes that include the DwPTS in the radio frame
for a Physical Downlink Control Channel (PDCCH)
transmission or an enhanced PDCCH (ePDCCH)
transmission.
2. The UE of claim 1, wherein the UE is an enhanced
interference mitigation and traffic adaptation (eIMTA)-en-
abled UE.
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3. The UE of claim 1, wherein the DRX timer is a DRX
duration timer, a DRX inactivity timer, or a DRX retransmis-
sion timer.

4. The UE of claim 1, wherein the receiver circuitry is to
receive an indication of the first or second UL/DL configura-
tions in a system information block type 1 (SIB1) message
from an eNodeB (eNB), a radio resource control (RRC) sig-
nal, or a PDCCH message or an ePDCCH message in a first
subframe or higher-layer configured subframes of one radio
frame.

5. The UE of claim 4, wherein the receiver circuitry is to
receive the indication of the first UL/DL configuration in the
SIB1 message, and wherein the DL subframes and the sub-
frames that include the DwPTS in the radio frame are DL
subframes or subframes that include the DwPTS in a plurality
of possible UL/DL configurations indicated in the SIB1 mes-
sage.

6. The UE of claim 4, wherein the receiver circuitry is to
receive the indication of the first UL/DL configuration in the
RRC signal.

7. The UE of claim 4, wherein receiver circuitry is to
receive the indication of the first UL/DL configuration in the
PDCCH message or the ePDCCH message in a first subframe
or higher-layer configured subframes of one radio frame.

8. The UE of claim 1, further comprising display circuitry
coupled with the processor.

9. The method of claim 1, wherein the processor is further
to identify the first UL/DL configuration based on an indica-
tion of the first UL/DL configuration received from an
evolved NodeB (eNB).

10. One or more non-transitory computer-readable media
comprising instructions to, upon execution of the instructions
by one or more processors of a user equipment (UE), cause
the UE to:

identify a plurality of uplink/downlink (UL/DL) configu-

rations applicable to subframes in a plurality of radio
frames;
identify an indicated UL/DL configuration received in a
Physical Downlink Control Channel (PDCCH) or an
enhanced PDCCH (ePDCCH) message in a first sub-
frame or higher-layer configured subframes of a radio
frame in the plurality of radio frames, the indicated
UL/DL configuration applicable to a plurality of sub-
frames in the radio frame;
identify DL subframes and subframes that include a down-
link pilot time slot (DWPTS) in the radio frame based
only on a first one of the UL/DL configurations in the
plurality of UL/DL configurations and the indicated
UL/DL configuration, wherein at least one subframe of
the DL subframes or subframes that include the DwPTS
is a UL subframe in a second one of the UL/DL configu-
rations and the indicated UL/DL configuration;

increment a running discontinuous reception (DRX) timer
based only on the identified DL subframes and sub-
frames that include the DwPTS; and

monitor the identified DL subframes and subframes that

include the DwPTS for a PDCCH message while the
DRX timer is running.

11. The one or more non-transitory computer-readable
media of claim 10, wherein a UL/DL configuration in the
plurality of UL/DL configurations is received in a system
information block type 1 (SIB1) message from an eNodeB
(eNB).

12. The one or more non-transitory computer-readable
media of claim 11, wherein the instructions are further to
identify the DL subframes and subframes that include the
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DwPTS that are DL subframes or subframes that include the
DwPTS in a plurality of possible UL/DL configurations indi-
cated in the SIB1 message.

13. The one or more non-transitory computer-readable
media of claim 11, wherein the first one of the UL/DL con-
figurations is the UL/DL configuration received in the SIB1
message.

14. The one or more non-transitory computer-readable
media of claim 11, wherein the first one of the UL/DL con-
figurations is a UL/DL configuration indicated by radio
resource control (RRC) signaling.

15. The one or more non-transitory computer-readable
media of claim 11, wherein the first one of the UL/DL con-
figurations is the UL/DL configuration indicated in the
PDCCH or the EPDCCH message in the first subframe or
higher-layer configured subframes of the radio frame in the
plurality of radio frames.

16. The one or more non-transitory computer-readable
media of claim 10, wherein the DRX timer is a DRX duration
timer, a DRX inactivity timer, or a DRX retransmission timer.

17. The one or more non-transitory computer-readable
media of claim 10, wherein the UE is an enhanced interfer-
ence mitigation and traffic adaptation (eIMTA)-enabled UE.

18. A method comprising:

receiving, at a UE, respective indications of a plurality of
uplink/downlink (UL/DL) configurations applicable to
subframes of a radio frame;

identifying, by the UE based only on a first UL/DL con-
figuration in the plurality of UL/DL configurations, DL
subframes and subframes that include a downlink pilot
time slot (DWPTS) in the subframes of the radio frame,
wherein the identified DL subframes and the subframes
that include the DwPTS are UL subframes in a second
UL/DL configuration in the plurality of UL/DL configu-
rations;

starting, by the UE, a timer related to a discontinuous
reception (DRX) operation of the UE;

monitoring, by the UE while the timer related to the DRX
operation of the UE is running, a Physical Downlink
Control Channel (PDCCH) or an enhanced PDCCH (eP-
DCCH) for a message only during the identified DL
subframes and the identified subframes that include the
DwPTS; and

incrementing, by the UE, the DRX timers based only onthe
identified DL subframes and the subframes that include
the DwPTS in the radio frame.

19. The method of claim 18, wherein an indication in the
respective indications is received by the UE in a system
information block type 1 (SIB1) message from an eNodeB
(eNB).

20. The method of claim 19, further comprising identify-
ing, by the UE, the first UL/DL configuration based only on
the indication received in the SIB1 message.

21. The method of claim 19, wherein the indication is a first
indication, and wherein:

a second indication of the respective indications is received
by the UE via radio resource control (RRC) signaling;
and

a third indication of the respective indications is received
by the UE in a PDCCH or an ePDCCH message in a first
subframe or higher-layer configured subframes of the
radio frame.

22. The method of claim 21, further comprising identify-
ing, by the UE, the DL subframes and the subframes that
include the DwPTS in the subframes of the radio frame based
only on one of the second indication or the third indication.
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23. The method of claim 18, wherein the timer is a DRX
duration timer, a DRX inactivity timer, or a DRX retransmis-
sion timer.

24. The method of claim 18, wherein the UE is an enhanced

interference mitigation and traffic adaptation (eIMTA)-en- 5
abled UE.
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